INTRODUCTION
============

*Helicobacter pylori* is a Gram-negative bacterium which colonizes the gastric epithelium. Subsequent modification of acid secretion and gastric architecture by immune response result in various diseases of upper gastrointestinal tract such as gastritis, peptic ulcer, gastric cancer, and extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue. However, currently, there is no uniform and definite therapeutic regimen for the *H. pylori* eradication due to the antimicrobial resistance to standard triple therapy. Recent data showed that decreased eradication rate less than 80% in most countries that is unacceptable regarding infectious disease which could promote severe outcome.[@b1-gnl-09-340]--[@b3-gnl-09-340]

Pronase is a kind of proteolytic enzyme isolated from *Streptomyces griseus* in 1962.[@b4-gnl-09-340] Since its first use as a premedication for X-ray diagnosis of stomach in 1964, it has been applied to endoscopic premedication for enhanced visibility of gastric mucosa.[@b5-gnl-09-340],[@b6-gnl-09-340] It can disrupt and make a reduction in the thickness of surface mucous gel layer (SMGL).[@b7-gnl-09-340]--[@b9-gnl-09-340] *H. pylori* colonizes on the apical surface of gastric surface mucous cells and the SMGL.[@b10-gnl-09-340],[@b11-gnl-09-340] In particular, *H. pylori* colonizes the SMGL preferentially, during antimicrobial treatment maintenance period.[@b11-gnl-09-340] Potential hypothesis was whether the disruption of SMGL by pronase could enhance the eradication rate of *H. pylori* infection by making the organism inhospitable on the stomach.[@b7-gnl-09-340] Based on this concept, additive effect of pronase combined with the standard triple therapy for the *H. pylori* eradication was evaluated.

MATERIALS AND METHODS
=====================

1. Study design
---------------

This was a prospective, single blind, single center, randomized controlled study. The eligible patients with *H. pylori* infection were randomly assigned to receive either the standard triple therapy, which consists of proton pump inhibitor (PPI) with amoxicillin (1,000 mg) and clarithromycin (500 mg) twice a day for 7 days (PAC) or the Endonase^®^ (pronase 20,000 tyrosine units; Pharmbio Korea Co., Ltd., Chungju, Korea) twice a day combined with standard triple therapy for 7 days (PACE). The coadministrating agent NaHCO~3~ (1 g) was prescribed in the PACE group. The administration method was taking all four drugs with NaHCO~3~ powder at the same time. The pretreatment *H. pylori* status was assessed by rapid urease test, ^13^C-urea breath test and histology. The posttreatment *H. pylori* status was assessed by ^13^C-urea breath test. *H. pylori* eradication was assessed at least 4 weeks after finishing the eradication medication. All the patients were educated by doctors who prescribed the medication and by research nurses; they were informed about the drug, administration time, possible adverse events and how to report the adverse reactions. The eradication rates of *H. pylori* infection, adverse reactions and compliance were investigated and compared with each other. The study protocol adhered to the ethical guidelines established by the 1975 Declaration of Helsinki and had received an approval by the Ministry of Food and Drug Safety and the Institutional Review Board for human research at Chuncheon Sacred Heart Hospital before the study was initiated (2011-74). This study was registered at [ClinicalTrial.gov](ClinicalTrial.gov) in July 2012 (Clinical trial registration number, NCT01645761). Informed consent to participate in the study was obtained from each patient.

2. Outcome measures
-------------------

Primary endpoint was to compare the eradication rate of the 7-day standard PPI-based triple therapy plus pronase with that of the 7-day standard PPI-based triple therapy. Secondary endpoint was to investigate the difference in the number of participants with adverse events between patients receiving standard triple therapy plus pronase and patients receiving control treatment.

3. Randomization
----------------

A single independent staff prepared the randomization sequence, which was accomplished by using a block design and a block size of 4. Randomization of block was done by means of the random-number chart. This study was single blind trial due to the unique aroma and taste of Endonase^®^ which challenged the successful blinding of the patients. Doctors did not know the result of the allocation; however, the patients were aware of the drugs they were prescribed and were asked not to give the information to the doctors about the medication.

4. Study population
-------------------

This study was conducted at Chuncheon Sacred Heart Hospital, a tertiary center. Between June 2012 and October 2012, consecutive patients who were diagnosed with *H. pylori* infection were asked to participate in this study. Hemorrhage is the one of the adverse reactions of pronase. Thus, only those patients with peptic ulcer disease (PUD) of scar stage or nonulcer dyspepsia (NUD) and those who were treatment naive were enrolled. Patients with PUD of active or healing stage and those who took medications as PPI, Histamin-2 receptor blocker and antibiotics within 4 weeks, who underwent gastric surgery and less than 18 years of age, were all excluded from this study. Informed consent was taken from each patient by physicians.

5. Assessment of the H. pylori infection
----------------------------------------

The *H. pylori* infection status was assessed by one or more than one of the following methods: rapid urease test, ^13^C-urea breath test and histology. Two specimens from each of the gastric corpus and antrum were taken for rapid urease test (Pronto Dry; Gastrex Corp., Warsaw, Poland) or histological assessment using Giemsa staining during endoscopy. A ^13^C-urea breath test (UBiT-IR 300; Otsuka Pharmaceutical Co., Ltd, Tokyo, Japan) with measurement of exhaled ^13^CO~2~ before and 30 minutes after ingestion of ^13^C-marked urea 75 mg were performed. An initial breath sample was obtained after at least an 8-hour fasting (overnight fasting). The ^13^C-urea breath test after the eradication of *H. pylori* was performed at least 4 weeks after the end of the eradication therapy. Delta over baseline \>4% was considered positive.

6. Statistical analysis
-----------------------

Sample size calculation was as follows: (1) The eradication rate of *H. pylori* infection of 7 days standard triple therapy was reported as 75% in Korea.[@b12-gnl-09-340] (2) The expected enhancement of the eradication rate of endonase combined with the triple therapy was assumed as 15%. The number of patients required for the study with a two-tailed 5% significance test and a power of 80% with 10% drop rate was 108 in each group. In the first protocol, there was no predetermined terms for interim analysis. However, due to the ethical issue from unexpected low eradication rate in the 7-day standard PPI-based triple therapy plus pronase, a protocol amendment was approved, establishing an interim analysis after inclusion of 50% of the patients.

For the intention-to-treat (ITT) analysis, all patients who took the prescribed eradication medications and who checked the posttreatment *H. pylori* status were included and assessed. For the per-protocol (PP) analysis, only those patients who maintained and ended the prescribed eradication medications without violating the regulations (lost to follow-up visit or less than 85% medication compliance) were included and assessed. The adherence was defined by taking more than 85% of the total prescribed medications. The Student t-test and Fischer exact test were used to compare the continuous and categorical variables. The Mann-Whitney test was used if the variable did not show normal distribution in the continuous variables. A p-value \<0.05 was considered to be statistically significant. Analysis was performed using the SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

1. Characteristics of patients
------------------------------

Of the 116 eligible patients initially enrolled in this study, four patients were excluded due to their refusal to participate; as a result, a total of 112 patients (55 male and 56 female) participated. The characteristics of enrolled patients are summarized in [Table 1](#t1-gnl-09-340){ref-type="table"}. They were randomly allocated (55 patients in PAC vs 57 patients in PACE). After finishing the eradication therapy, seven patients in PAC and 10 patients in PACE group were lost to follow-up. Finally, 95 patients (48 patients in PAC vs 47 patients in PACE) were included in the PP analysis. A study flow diagram is demonstrated in [Fig. 1](#f1-gnl-09-340){ref-type="fig"}.

2. The eradication rate
-----------------------

A total of 112 patients were included in the ITT analysis and 95 patients in the PP analysis. For the PP analysis, 17 excluded patients were equally distributed between the PAC and PACE groups (12.7% vs 17.5%, p=0.60). Seven-day standard triple therapy (PAC) showed significantly higher eradication rate in both the ITT (76.4% vs 56.1%, p=0.029) and PP analysis (87.5% vs 68.1%, p=0.027) compared to pronase combined with standard triple therapy (PACE) ([Table 2](#t2-gnl-09-340){ref-type="table"}). In the subgroup analysis, there was no significant difference in the eradication rate between PUD and NUD both in the PAC and PACE group ([Table 3](#t3-gnl-09-340){ref-type="table"}). Among the PPIs prescribed in the eradication regimen, no single medication showed superior efficacy (lansoprazole \[46\] vs omperazole \[25\] vs pantoprazole \[21\] vs esomeprazole \[3\], p=0.45).

3. The adverse events
---------------------

A total of 48 patients (100%) in the PAC group and 45 patients (95.7%) in the PACE group adhered to the prescribed medications. All the patients were asked to submit self-reported questionnaire about adverse events whose rate was reported as 39.6% in the PAC group and 48.9% in the PACE group (p=0.41). The most common adverse event was bitter taste (29.2% in PAC vs 40.4% in PACE group), followed by nausea and diarrhea. All the reported adverse events are shown in [Table 4](#t4-gnl-09-340){ref-type="table"}.

DISCUSSION
==========

In this study, the overall eradication rates (ITT and PP analysis) were lower in the PACE group than in the PAC group (ITT, 56.1% vs 76.4%; PP, 68.1% vs 87.5%). These results do not correspond to the earlier randomized controlled study which reported that LAMP (lansoprazole once daily, 500 mg of amoxicillin, 250 mg of metronidazole and 18,000 tyrosine units of pronase thrice daily for 2 weeks) group showed significantly higher eradication rate than LAM group (ITT, 94% vs 76.5%; p=0.0041).[@b7-gnl-09-340] Another study which used pronase 18,000 tyrosine units twice a day for 2 days showed potential benefits of pronase on the *H. pylori* eradication, even though the regimen was combined with topical anti-*Helicobacter* treatment, which is no longer used and the study itself was not a well-designed one to prove the efficacy of pronase.[@b13-gnl-09-340]

The first explanation for the decreased efficacy of pronase combined with standard triple therapy could be decreased gastrointestinal residence time of amoxicillin. Orally administered amoxicillin is known to be distributed in the mucous layer and surface epithelial cells of stomach.[@b14-gnl-09-340] According to the study which evaluated the efficacy of mucoadhesive form of amoxicillin, prolonged gastrointestinal residence time of amoxicillin showed enhanced *H. pylori* clearance rate.[@b15-gnl-09-340] However, pronase is known to disrupt and make a reduction in the thickness of SMGL, which can reduce the gastrointestinal residence time of amoxicillin. The decreased efficacy of amoxicillin in the eradication regimen could be the reason for the overall reduction of eradiation rate of pronase combined with standard triple therapy group.

The second explanation for the decreased efficacy of pronase combined with standard triple therapy could be not enough alteration of intragastric pH. Maximal mucinolysis by pronase is known to occur at pH 6 to 8.[@b4-gnl-09-340] Thus, intragastric neutralizer such as NaHCO~3~ or parasympathetic blocker such as scopolamine butylbromide have been recommended as the coadministrating agent with pronase.[@b5-gnl-09-340] In the previous study that revealed the additive effect of pronase on the eradication of *H. pylori*, there was no coadministrating agent such as NaHCO~3~. Moreover, the dose of PPI was lower than in our study (lansoprazole once daily). However, extended duration was maintained (for 2 weeks) and the LAMP group achieved better eradication rate than the control group.[@b7-gnl-09-340] Thus, the mechanism of the enhanced eradication rate of *H. pylori* is unclear and unexplainable by pronase in that study. In our study, a double dose of PPI (twice daily for 7 days) was prescribed with pronase. Moreover, NaHCO3, the coadministrating agent, was prescribed unlike to the previous study. However, all the patients were recommended to be administered the pronase and NaHCO~3~ at the same time with the eradication medication, which is an unusual administration method. Because patients who undergo endoscopy are generally recommended to take the pronase with NaHCO~3~ 10 to 20 minutes before the endoscopy to allow the gastric mucus to degrade in order to enhance the visibility of the endoscopic view. However, complicated administration method decreases the compliance of eradication medication. Thus, in this trial, the administration method was simplified.

The last explanation is an inadequate administration method of the pronase. Pronase that was used in this study is a powder form of medication which should be administered with 80 to 100 mL of warm water to be well dissolved and dispersed in the stomach.[@b16-gnl-09-340] The study that evaluated the efficacy of pronase for improved visibility during endoscopy revealed that rotating the patients enhanced the visibility because of the wide dispersion.[@b4-gnl-09-340] However, in our study, medication counseling focused only on the administration time and adverse events. More detailed medication education and counseling such as administering an adequate amount of warm water and keeping movement after the pronase administration could affect the outcome. In the randomized study that assessed the additive effect of pronase on the eradication of *H. pylori*, increased local delivery of antibiotics by disrupting SMGL was speculated for the main mechanism of increased eradication rate.[@b7-gnl-09-340] This can be achieved by the even distribution of pronase on the gastric mucosa which is speculated to be insufficient in our study.

Another issue is the optimal dose of the pronase. According to the studies that evaluated the effectiveness of pronase for enhanced visualization of mucosa during endoscopy, 20,000 tyrosine units of pronase given 10 or 20 minutes before endoscopy achieved satisfactory visualization.[@b4-gnl-09-340],[@b16-gnl-09-340],[@b17-gnl-09-340] However, in the previous randomized controlled trial that assessed the additive effect of pronase on the eradication of *H. pylori*, 18,000 tyrosine units were used. The optimal amount of pronase needed to increase the local delivery of antibiotics has not been investigated. Our study used 20,000 tyrosine units trice with *H. pylori* eradication medication. However, regarding the short duration of action time, the dose of pronase could have been insufficient.

In terms of adverse events, relatively high rates were reported as 39.6% in PAC group and 48.9% in PACE group (p=0.41) since the analysis included all the minor side effects such as bitter taste and dry mouth ([Table 4](#t4-gnl-09-340){ref-type="table"}).

According to a study about anitimicrobial activity, pronase does not have *in vitro* antimicrobial activity or any synergistic effect with antibiotics against *H. pylori*.[@b7-gnl-09-340] However, gastric secretion of amoxicillin and metronidazole, but not clarithromycin was increased by pronase in a rat model suggesting increased local delivery and transfer of antibiotics by disrupting SMGL.[@b18-gnl-09-340]

In this study, it is shown that decreased gastrointestinal residence time of amoxicillin, inadequate elevation of intragastric pH, inappropriate administration method and dose of pronase could affect the outcome. Authors initially planned to enroll 108 patients in each treatment group to reveal the additive effect of pronase on the eradication of *H. pylori* infection. However, the interim analysis showed unexpectedly poor outcome. Thus, this trial stopped the enrollment of patients. The retrospective power analysis revealed power between 60% to 70% by Altman's normogram or Lehr's formula.[@b19-gnl-09-340] The limitation of this interim analysis is that the poor outcome in the pronase combined with triple therapy group (PACE) is underpowered to conclude its far inferior result. However, for the welfare of the enrolled patients, this study was discontinued after a discussion among the authors.

According to this pilot trial, pronase does not have an additive effect on the eradication of *H. pylori* infection.

See editorial on page 257.
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###### 

Characteristics of the Enrolled Population

  Variable             Standard triple therapy (n=55)   Pronase combined with standard triple therapy (n=57)   p-value
  -------------------- -------------------------------- ------------------------------------------------------ -------------------------------------------------
  Age, yr              49.7±10.9                        48.5±12.4                                              0.59
  Sex, male/female     27/28                            31/26                                                  0.71
  Smoking              8 (14.5)                         6 (10.5)                                               0.58
  Alcohol              24 (43.6)                        23 (40.4)                                              0.85
  Peptic ulcer         20 (36.4)                        13 (22.8)                                              0.15
  Nonulcer dyspepsia   35 (63.6)                        44 (77.2)                                              0.15
  BMI                  24.8 (23.1--27.4)                23.2 (21.45--25.3)                                     0.01[\*](#tfn3-gnl-09-340){ref-type="table-fn"}

Data are presented as mean±standard deiviation, median (interquartile range), or number (%).

BMI, body mass index.

Mann-Whitney U-test was used.

###### 

Eradication Rates for *Helicobacter pylori* Infection

  Variable   Standard triple therapy   Pronase combined with standard triple therapy   OR (95% CI)   p-value                       
  ---------- ------------------------- ----------------------------------------------- ------------- --------- ------------------- -------
  ITT        55                        76.4                                            57            56.1      2.52 (1.12--5.69)   0.029
  PP         48                        87.5                                            47            68.1      3.28 (1.15--9.40)   0.027

OR, odds ratio; CI, confidence interval; ITT, intention-to-treat; PP, per-protocol.

###### 

Eradication Rates between the Patients with Peptic Ulcer Disease and Those with Nonulcer Dyspepsia

        Standard triple therapy   Pronase combined with standard triple therapy                      
  ----- ------------------------- ----------------------------------------------- ------ ---- ------ ------
  PUD   20                        70                                              0.51   13   61.5   0.54
  NUD   35                        80                                                     44   50     

PUD, peptic ulcer disease; NUD, nonulcer dyspepsia.

###### 

Adverse Events of Eradication Medications

  Adverse event           Standard triple therapy (n=48)   Pronase combined with standard triple therapy (n=47)   p-value
  ----------------------- -------------------------------- ------------------------------------------------------ ---------
  Bitter taste            14 (29.2)                        19 (40.4)                                              0.29
  Nausea                  4 (8.3)                          2 (4.3)                                                0.68
  Diarrhea                4 (8.3)                          3 (6.4)                                                \>0.99
  Epigastric discomfort   1 (2.1)                          1 (2.1)                                                \>0.99
  Dry mouth               1 (2.1)                          \-                                                     \>0.99
  Skin rash               1 (2.1)                          \-                                                     \>0.99
  Total                   19 (39.6)                        23 (48.9)                                              0.41
  Adherence \<90%         0                                2 (4.3)                                                0.24

Data are presented as number (%).
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